Abstract-The study of brain dominance in human-computer interaction has increased in recent years in an attempt to address the need of users especially who cannot read or write. The objective of this paper is to determine the brain dominance from brainwave signal that are measured using Emotive device and to analyse the pattern of brain dominance brainwave signal by using signal processing. The result of Power Spectral Density (PSD) and Energy Spectral Density (ESD) from brainwave will be validated with Hermann Brain Dominance Instrumentation (HBDI) questionnaire. The result shows that most sample are left brain dominance. The result also shows that Beta and Delta indicate the left-brain dominance whereas Beta is indicates rightbrain dominance.
I. INTRODUCTION
Brain dominance, refers to a preference for using one hemisphere of the brain over the other. Most people use one side of the brain more than the other side However, there are also some people have a mixed dominance which is known as bilateral. Each hemisphere has its own separate and private sensation, its own perception, and its own impulses to act. There are differences between left-side and right-side. For example, left-side person made a decision based on logic proof while right-side person made a decision based on feelings.
According to the theory of left-brain dominance and rightbrain dominance, each side of the brain has controls different types of thinking. The right brain is better at copying of designs, discrimination of shapes, understanding geometric properties, reading faces, global holistic processing, music, understanding metaphors, expressing emotions and reading emotions while the left brain dominance is better at language skills, skilled movement, and analytical time sequence processing [1] . Other than that, left-brain learners prefer to use their logic instead of their institution and are more detailed oriented meanwhile the right brain learners are institution based on work with their hunches, they are prefer fantasy based, and more use their imagination [2] .
The Herrmann Brain Dominance Instrumentation (HBDI) is an assessment that measure thinking preferences. It is designed with four quadrants which is A (blue), B (green), C (red), and D (yellow) as shown in the Figure 1 [3] . A and B quadrants represent the left side of the brain and the C and D quadrants represent the right side of the brain. There are certain characteristics of each quadrant and it depends on the level of preference and the scores will be different in each quadrant. In Malaysia, reading is one of the skills that are required in the study of language [4] . Besides in achieving success in other learning processes, the reading skill is proven to be the factor of success from primary to higher institution level [4] . Along with reading, expressing oneself in writing is an essential accomplishment of childhood that facilitates the necessary and rewarding tasks of adult life. Malaysia also has faced a dyslexia problem. Dyslexia is a language-based learning disability resulting in people experiencing difficulties in reading, spelling, writing, and speaking due to inability to differentiate sound components [5] . Sometimes, these problems are accompanied by short-term memory difficulties, a lack of organizational skills and time management issues and this entire have an impact on learning [5] . Most of the traditional educators give lessons without considering the different interests of the learners in homogeneous learning group [1] .
Commonly the brain patterns form wave shapes are sinusoidal and they are measured from peak to peak, normally range from 0.5 µV to 100 µV in amplitude [6] . By means of Fourier transform power spectrum from the raw EEG signal is derived and in power spectrum contribution sine waves with different frequencies are visible [6] . The brain waves have been categorized into four basic groups which are Beta (more than 13 Hz), Alpha (8-13 Hz), Theta (4-8 Hz), and Delta (0.5-4 Hz).
The purpose of this paper is to determine the brain dominance from brainwave that can be used by users who cannot read or write. It is expected, the result can assist educator to enhance teaching process that suited the student brain dominance learning style. This can be better and greater leaning if the educators take the learner's different interest and aptitudes into consideration as a heterogeneous group [1] .
II. EXPERIMENTAL
This project is focused on the relationship between the brain dominance and brainwave signal, which was measured by Electroencephalogram (EEG) brainwave signals. The flow chart of experiment is shown in Figure 2 . The data are collected from Faculty of Electrical & Electronics Engineering (FKEE), Universiti Malaysia Pahang (UMP). All volunteers participated in this experiment voluntarily and acknowledged their right to decline their participation.
A. Subjects
The study is carried out by recruited 21 students that was volunteered which including 15 females and 6 males students. The data collection of EEG signal was collected after answering the provided questionnaire. The range of the subject is between 22-30 years old, from FKEE of UMP. All subjects were confirmed that they are healthy and do not have history of physical or mental illness. They also are not currently taking drugs or any medication that will affect their EEG signal. They were informed and explained about the aim and the scope of study of this project.
B. Experimental Set-up
The experiment was conducted in the laboratory that is located in first floor of PSM laboratory. This laboratory can keep away the subject from any disturbances that may affect their EEG signal. The Emotiv Epoc system was installed on the personal computer (PC) at the PSM laboratory.
Subject need to stay calm and relax at least for 3 minutes after experiment briefing. After that, they are required to answer all 15 questions from establish questionnaire. This establishes questionnaire is from Ned Hermann questionnaire which are published by Catawba Valley Community College. The time interval to complete all 15 questions was about 30 minutes.
Saline water was used to make sure the electrodes are wet. Therefore, before the subject wear the Emotiv device; drop a few of saline water to moisten the sensor. It is important in order to get the good signal interface between the head and device and also to maintain the good signal during the EEG signal collection. The components of Emotiv that are required in this experiment are saline water, EEG headset, USB dongle, USB cable for charging and electrodes. These components are shown in the Figure 3 . The Emotive device is placed on the subject's head to start the EEG signal collection. Students are required to sit comfortably and reduce movement during data collected. They are advised not to fall asleep. All channel are recorded in EEG collection, however only Fp1 and Fp2 channels are used. Fp1 and Fp2 channels are observed because both channel located near the centre of the emotional impulse and rotational activity. The raw EEG data recorded is processed offline by using intelligent signal processing techniques which were developed in MATLAB software. The sample will wear the Emotiv EPOC to get the EEG signal and the signal will be recorded in 10 minutes. The device interface with the computer by the software provided, thus the EEG signal can be seen through the computer screen. Data collection procedure is shown in Figure  4 . 
C. Feature Extraction
The data was pre-processed by using signal processing and execute in MATLAB software. Artefact removal method and Band pass filter were implemented in this process in order to analyse the data. Artefact removal was done to remove the noise signal which probably produced by the blinking of the eye and movement of the sample during capture the EEG signal. The signal was considered as artefact when the signal is less than -100 µV and greater than 100 µV. Thus, other than this signal will be removed. PSD and ESD were extracted from the model. PSD was calculated the peak value of PSD graph meanwhile the ESD was calculated area under the curve from the PSD graph. All calculation for PSD and ESD was performed in MATLAB software. Histogram chart in Microsoft Excel was used to observe and analyse both patterns for the Alpha, Beta, Theta, and Delta. The Frontal Brain Asymmetry (FBA) ratio of PSD and ESD values for all 21 samples were calculated to determine and to conclude the results.
III. RESULT AND DISCUSSION
This sub-section described the result of EEG signals which were processed and analysed in MATLAB. From the result obtained, the Delta, Theta, Alpha, and Beta bands frequencies of human brainwave signal were analysed. It also includes comparison between human brainwave signal and score of HBDI questionnaire for each sample. Table I shows result of questionnaire. From the table, thirteen samples are left-brain dominance, seven samples are right-brain dominance and one sample is bilateral. Bilateral person has a mixed left and right dominance. From the table, it represent that most of the engineering students are left brain dominance because usually they are strong in mathematics and science. The engineering students need to use logical and scientific method to solve engineering problem based [7] . However, the results shown there a few students are right brain dominance. Figure 5 showed the FBA ratio of PSD. It represents the histogram graph for one sample. Based on the figure, Delta has the highest PSD ratio while Beta has the lowest PSD ratio. PSD ratio for each sample need to be plotted in histogram chart to determine highest and the lowest PSD ratio Figure 6 showed the FBA ratio of ESD. It represents the histogram graph for one sample. Based on the figure, Delta has the highest ESD ratio while Beta has the lowest ESD ratio. ESD ratio for each sample need to be plotted in histogram chart in order to find highest and the lowest ESD ratio. Table II is summarize the highest PSD and ESD ratio for each sample for each sub-band frequency that based on the histogram graph that are plotted the PSD and ESD ratio such as Figure 5 and 6. According to the Table II , eight of thirteen samples of the left-brain dominance are consist of same subband frequency for PSD and ESD ratio. For the right-brain dominance three of seven samples are consist of same subband frequency for both ratios. That means the percentage for the left-brain dominance is only 63% whereas the percentage for the right-brain dominance is only 43%. These percentages are not strong enough to prove this analysis. From the Table II , the majority of sub-band frequency for PSD and ESD are determined, and then the results are constructed in Table III. Based on the Table III 
IV. CONCLUSION
Based on the result obtained, the result shown that objective of this paper is to determine brain dominance from brainwave signal that are measured using Emotiv device was achieved. This is referred to the result of 
